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TO THE EDITOR
The theory of selective photothermoly-
sis has been the main concept under-
lying the development of lasers for the
treatment of pigmentary disorders. In
selective photothermolysis, brief pulses
of optical radiation of suitable wave-
length and energy can cause selective
damage to pigmented structures, cells,
and organelles (Parrish et al., 1983;
Hruza et al., 1991; Goldberg et al.,
2008). To develop a melanocyte model
for the evaluation of melanogenic
regulatory compounds that block mel-
anosome regeneration, we selectively
photothermolysed melanosomes in
adult zebrafish melanophores.
In recent years, the zebrafish has
become a valuable model for the study
of melanocyte biology (Ceol et al.,
2008). Zebrafish melanophores are ex-
ternally visible, and single cells can be
visualized in a living animal. In mam-
mals, melanin pigment-containing
melanosomes are transported to neigh-
boring keratinocytes. However, zebra-
fish melanocytes retain melanin, which
consequently serves as a reliable and
useful cell-type marker. Furthermore,
the characteristic pattern of pigment
cells in the zebrafish skin, combined
with newly developed molecular gene-
tics techniques, makes the zebrafish an
ideal experimental system for the
evaluation of melanogenic regulatory
compounds and the mechanism of
pigmentation pattern formation (Choi
et al., 2007; Takahashi and Kondo,
2008).
To investigate selective photother-
molysis at the subcellular level, we
used a Q-switched neodymium:yt-
trium-aluminum-garnet (Nd:YAG) laser
with the following parameters: 1064 nm
wavelength, 5–7 ns pulse duration,
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Figure 1. Changes in melanosomes in the melanophores in the black stripes of zebrafish 5 days after
Q-switched neodymium:yttrium-aluminum-garnet laser irradiation. At 0.4 and 0.9 J cm2 laser
irradiation energy, most melanosomes in the beam path were absent by day 5, and the ablated region was
pigment-free. In contrast, a number of pigmented spots remained at 0.3 J cm2 fluence. Bar ¼ 1mm.
Abbreviation: Nd:YAG, neodymium:yttrium-aluminum-garnet
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0.3B0.9 J cm2 fluence, and 7mm spot
size. Changes in melanosomes, mela-
nophores, and adjacent cells were
examined at various laser irradiation
energy levels.
We first observed the changes over
time in melanosomes in the melano-
phores at the site of laser irradiation.
When pigment cells in zebrafish are
laser irradiated, pigment debris is re-
leased into the hypodermis and disap-
pears within 3 days (Yamaguchi et al.,
2007). To distinguish the remaining
melanosomes from the disappearing
pigment debris, we examined the tissue
5 days after irradiation, when all the
pigment debris had disappeared. In
general, most melanosomes in the
beam path were absent, and the irra-
diated region became pigment-free
(Figure 1). However, when the tissue
was examined at higher magnification
( 40), several pigmented spots were
detected.
To analyze the influence of the laser
irradiation energy, the pigmented spots
remaining after various levels of laser
irradiation were quantified. More than
30 pigmented spots remained after laser
irradiation with light at an energy of
0.3 J cm2. In contrast, fewer than 10
pigmented spots were observed follow-
ing irradiation with light of 0.4, 0.5,
0.7, or 0.9 J cm2 energy (Supplemen-
tary Figure S1 online). These results
indicate that an energy of40.4 J cm2 is
required to completely eliminate adult
zebrafish melanosomes when a 1064-nm
Q-switched Nd:YAG laser is used.
To test whether laser irradiation has
an effect on melanophores and adja-
cent cells, 40,6-diamidino-2-phenylin-
dole and TUNEL staining was
performed using zebrafish skin 1 day
after Q-switched Nd:YAG laser irradia-
tion. There were no differences in the
distribution and number of normal
nuclei with different laser irradiation
energies (Figure 2; blue, 40,6-diamidi-
no-2-phenylindole-stained nuclei). This
finding confirmed that cell necrosis was
not caused by laser irradiation. How-
ever, apoptosis occurred after laser
irradiation and showed a clear depen-
dency on the laser irradiation energy
(Figure 2; red, apoptotic nuclei de-
tected by TUNEL). There were no
apoptotic cells at light energies of 0.3
or 0.4 J cm2. However, apoptosis was
enhanced when laser irradiation energy
was 40.5 J cm2.
Thus, relatively low irradiation en-
ergy was required to limit thermal
diffusion effects to melanosomes with-
out killing melanophores. At 0.4 J cm2
fluence, melanosomes in melanophores
were almost completely destroyed,
without cell necrosis or apoptosis of
melanophores or other cells (Figures 1
and 2). These results are consistent with
the concept of subcellular selective
photothermolysis. However, at a flu-
ence of 0.5 J cm2, apoptotic cells
appeared in the uppermost part of the
hypodermis, where the melanophores
were located. At fluences of 0.7 and
0.9 J cm2, apoptosis became wide-
spread in the entire hypodermis and
muscle layer. Although we did not use
specific markers for melanophores, we
assumed that the cell damage leading
to apoptosis occurred in the melano-
phores first, and then spread to other
cells as higher laser irradiation energies
were used.
After 2 months, regeneration of
melanosomes occurred regardless of
the level of laser irradiation energy.
However, the rate of melanosome
regeneration was delayed in cells irra-
diated with the 1064-nm Nd:YAG laser
at 0.9 J cm2 fluence, compared with
those irradiated at 0.4 J cm2 fluence
(Supplementary Figure S4 online). At
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Figure 2. TUNEL and 40,6-diamidino-2-phenylindole staining of zebrafish skin 1 day after 1064-nm
Q-switched neodymium:yttrium-aluminum-garnet laser irradiation. 40,6-Diamidino-2-phenylindole
staining (blue) shows that there were no differences in the distribution and number of normal nuclei in
samples subjected to the different laser irradiation energies. In contrast, TUNEL staining (red) shows that
apoptosis occurred after laser irradiation, and with a clear laser irradiation energy dependency. At
0.5 J cm2 fluence, apoptotic cells are confined to the uppermost part of the hypodermis. At 0.7 and
0.9 J cm2 fluence, apoptosis is widespread in the entire hypodermis and muscle layer. Bar¼ 100 mm.
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0.4 J cm2 fluence, melanosomes were
regenerated from intact melanophores.
At 0.9 J cm2 fluence, destroyed mela-
nophores should be generated from
stem cells, and they therefore required
more time to regenerate in our study.
Melanosomes in melanophores of
adult zebrafish normally have a round
or slightly ellipsoid shape (Hirata et al.,
2005). In contrast, the damaged mela-
nosomes in our study appeared shrun-
ken or cracked after laser irradiation
(Supplementary Figure S2 online). With
the exception of the melanosomes,
no other cells were observed to be
damaged by transmission electron
microscopy.
Xanthophores—the source of the
yellow stripes on zebrafish skin—are
hypothesized to act as a barrier delimit-
ing the area that can be occupied by
melanophores. The interactions be-
tween these two types of chromato-
phores are an important focus in the
study of zebrafish pigmentation patterns
(Takahashi and Kondo, 2008). After
Q-switched Nd:YAG laser irradiation,
intact xanthophores were detected
(Supplementary Figure S3 online).
Recently, attempts have been made
to use the 1064-nm Q-switched
Nd:YAG laser with short pulse duration
and low fluence for the treatment of
melasma (Jeong et al., 2008; Polnikorn,
2008; Chung et al., 2009; Kim et al.,
2009). With short pulse duration and
low fluence, the laser could selectively
photothermolyse melanosomes without
killing melanocytes. This might prevent
postinflammatory hyperpigmentation
after melanocyte destruction, which is
especially common in Asians (Ho and
Chan, 2009).
In addition, our study offers a con-
venient technique to destroy melano-
somes in adult zebrafish. The Q-
switched Nd:YAG laser can be used
to remove melanosomes without affect-
ing melanophores or other cells at
the following settings : 1064 nm
wavelength, 5–7 ns pulse duration,
7mm spot size, and 0.4 J cm2 fluence.
Although they are very specific settings,
and subtle changes might therefore
invalidate the use of this model, the
approaches used here may be helpful
for the study of melanocyte biology
with zebrafish.
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TO THE EDITOR
Parametrization of infant skin has been
a research focus: development of the
water barrier, acidification of the stra-
tum corneum (SC), and normalization
of SC hydration have been documented
in infant populations of various ages
(Hanley et al., 1997; Hoeger and
Enzmann, 2002; Agren et al., 2006;
Nikolovski et al., 2008; Stamatas et al.,
2009). Few studies have followedAbbreviations: SC, stratum corneum; TEWL, transepidermal water loss
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Facultative Pigmentation in Infants
